Protein structural requirements for Ca2+ binding to the light chain of factor X. Studies using isolated intact fragments containing the gamma-carboxyglutamic acid region and/or the epidermal growth factor-like domains.
Coagulation factor X is a multidomain proenzyme of a serine protease. Calcium ions bind to the vitamin K-dependent gamma-carboxyglutamic acid (Gla) residues and to a site in the NH2-terminal of two epidermal growth factor (EGF)-like domains. To study structure-function relationships in the NH2-terminal part of factor X and to determine the structure of isolated domains, we have developed methods that allow the subsequent isolation of the first or both EGF-like domains with or without an attached Gla domain from controlled proteolytic digests of the protein. The Ca2(+)-induced changes of the intrinsic protein fluorescence were measured to elucidate whether the isolated fragments retain their native conformation. Changes in the fluorescence caused by Ca2+ binding were found to result from perturbations of the environment of the Trp residue in position 41. Calcium ion binding to the Gla-containing region linked to the NH2-terminal EGF-like domain was identical with that to intact factor X, indicating a native orientation of the ligand binding groups in the fragment. In contrast, the isolated Gla peptide had a lower affinity for Ca2+, suggesting that the NH2-terminal EGF-like domain serves as a scaffold for the folding of the Gla region. Similarly, the presence of the Gla region was found to increase the affinity of the Gla-independent site in the first EGF-like domain for Ca2+. The metal ion-induced resistance against chymotryptic cleavage COOH-terminal of Tyr-44 in intact factor X is similar in the isolated fragment that contains the Gla region linked to one EGF-like domain, indicating a native conformation of the fragment in the presence of Ca2+. Furthermore, the Gla-independent metal ion binding site binds Ca2+ but does not appear to bind Mg2+.